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Description 

ELECTRIC LAMP 
Technical Field 

[1] The present invention relates to an incandescent type electric lamp including a 

halogen lamp, etc., and more particularly, to an electric lamp used as a light source of 
an optical fiber lighting system . 

Bacl^round Art 

[2] Conventionally, an optical fiber lighting system is widely used for lighting to 

illuminate areas near the hands of workers who perform elaborate work, for example, 
at a factory, and decorative lighting of a show case or show window on one hand, and 
for irradiation necessary for an endoscope, scanner, photoenlarger, photopolymerizer, 
etc., on the other. 

[3] Fig. 7 schematically shows an example of an optical fiber lighting system wherein 

a conventional halogen lamp is used as a light source, of which A shows the spatial re- 
lationship between the halogen lamp and an optical fiber, and B shows a light dis- 
tribution of an emerged light emerged fi-om the optical fiber. In Fig, 7, reference 
numeral 100 denotes a halogen lamp and 200 denotes an optical fiber. The halogen 
lamp 100 includes a bulb 101 made of quartz glass and a reflector 102 made of glass. 
The bulb 101 is provided with a seal 103 and a halogen gas is filled in the bulb 101 . 
Furthermore, a so-called longitudinal filament 104 (e.g., C-8 type) is arranged in the 
bulb 101. The reflector 102 is provided with an ellipsoidal reflective portion 105, on 
the inner surface of which a reflective coating is formed, and a neck-shaped portion 
106. The seal 103 of the bulb 101 is inserted in the neck-shaped portion 106 of the 
reflector 102 and fixed using an adhesive such as cement. In this case, the bulb 101 
and reflector 102 are concentrically positioned so that the coil axis of the filament 104 
coincides with the optical axis of the reflective portion 102 (see single-dot dashed line 
in the figure). 

[4] For the optical fiber 200, a quartz-based optical fiber, multi-component optical 

fiber or plastic optical fiber, etc., may be used. In the figure, only one optical fiber is 
shown, but several to several tens of thousands of fibers are normally used as tied in a 
bimdle. Furthermore, the optical fiber 200 has a numerical aperture NA which 
indicates an angle at which it can receive a light on its end face. According to the 
numerical aperture NA of the optical fiber 200 used and a curvature of the reflective 
portion 105 of the reflector 102 of the halogen lamp 100, the halogen lamp 100 and 
optical fiber 200 are positioned at an appropriate distance X fi^om each other. In this 
case, the halogen lamp 100 and optical fiber 200 are concentrically positioned so that 
the axis of the (bundled) optical fiber 200 coincides with the optical axis of the 
reflective portion 105 of the reflector 102(see single-dot dashed line in the figure). 

[5] In the optical fiber lighting system in Fig. 7, an emerged light emerged firom the 
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optical fiber 200 has a light distribution as shown in Fig. 7B. This light distribution is 
also shown concentrically with the halogen lamp 100 and optical fiber 200. 

[6] As is evident fi-om the light distribution in Fig. 7B, luminous intensity near the 

center of light emerged fi-om the optical fiber 200 drops compared to luminous 
intensity on the periphery in the conventional optical fiber lighting system. This is at- 
tributable to the fact that the reflector 102 is provided with the neck-shaped portion 
106. That is, no reflective coating can be formed in this area of the reflector 102, and 
therefore a dark spot which does not allow light to be reflected is formed. As a result, 
most of the reflected light fi-om the reflector 102 enters the optical fiber 200 at a 
certain angle of incidence. When the light enters the optical fiber at a certain angle, the 
light is transmitted inside the optical fiber while repeating total reflection. Here, since 
angle of incidence = angle of reflection, the light emerged fi-om the other end of the 
optical fiber consequently has a doughnut shape. Moreover, a quantity of light 
generated by the tip portion of the filament 104 facing the optical fiber 200 is not so 
great. Therefore, the quantity of light which directly enters the optical fiber 200 from 
the filament 104 in parallel is not so great. Thus, the conventional optical fiber system 
resultantly has a light distribution wherein the luminous intensity is depressed in the 
central area as shown in Fig. 7B. Such a light distribution is not appropriate for optical 
fiber illumination except for special applications. With consideration given to this 
point, there is an attempt to enter a parallel light from the halogen lamp to the optical 
fiber by positioning the halogen lamp and optical fiber, while forming an angle 
between the optical axis of the halogen lamp 100 and the axis of the optical fiber 200. 
In diis case, however, the quantity of light not incident upon the optical fiber increases, 
resulting in poor efficiency. Thus, the conventional halogen lamp has a problem that it 
is not appropriate as a light source of an optical fiber lighting system. 

[7] Furthermore, when the halogen lamp 100 shown in the figure is used, a mold for 

molding the glass reflector 102 is very expensive, and it is therefore difficult to 
provide many types of ellipsoidal reflective portions 105 of the reflector 102 with 
different curvatures and providing them involves an enormous cost. It is an actual 
situation that only a few types of reflector can be provided and they are adapted by 
adapting the size, form, etc., of the bulb according to the application or displacing the 
bulb inside the reflector according to the application. However, with such adaptations, 
it is difficult to obtain a desired light distribution characteristic and may be even 
impossible to do so. 

[8] Furthermore, when the halogen lamp 100 in the figure is used, the reflector 102 as 

a part independent of the bulb is required, which results in a problem that it is difficult 
to reduce the size of the optical fiber lighting system. 

[9] Note that an optical fiber lighting system using an incandescent electric lamp as a 

light source is known in German UtiHty Model No.DE-7904647 U. This optical fiber 
lighting system is provided with a reflective layer on the bulb of the incandescent 
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electnc lamp. This optical fiber lighting system also has a characteristic that luminous 
mtensity near the central area in a light distribution of the light emerged ftom the 
optical fiber drops compared to the luminous intensity on the periphery. 

Disclosure 

[10] It is an object of the present invention to provide an incandescent type electric 

lamp a halogen lamp in particular, which is suitable as a light source for an optical 
fiber hghtmg system, which can be manufactured at a low cost and which is small 

[11] In order to attain this object, the electric lamp according to the present invention is 

characterized by comprising a bulb comprising a first curved face, the first curved face 
havmg a substantially ellipsoidal shape in cross section with a first focal point and a 
second focal point, and being convex outwardly, and. a filament comprising a coil part 
fomied by wmdmg a wire and generating a light by being energized, the filament 
bemg so arranged that the coil part is positioned in an inner space of the bulb, wherein 
a reflective coating is fornied on the whole of outer surface or the whole of imier 
surface of the first curved face, and the first curved face is so adapted that the first 
focal pomt .s positioned at the coil part, and the second focal point is positioned at a 
h^t transmission medium to which an emerged light generated at the coil part and 
reflected on the first curved face is provided. 

[12] According to the electric lamp in the above-described structure, the first curved 

face having a substantially ellipsoidal shape in cross section is made in the bulb itself 
of he electnc lamp and the reflective coating is fonned on the whole of outer surface 
or the whole of mner surface of the fn^t curved face, and therefore it is possible to 
manufacture the electric lamp at a low cost and reduce the size of the electric lamp 
considerably. Furthemiore. in the light transmission medium lighting system using the 
electnc lamp m the above-described structure as a light source, emerged light of ^e 
light transmission medium such as an optical fiber can have a light distribution char- 
acteristic having a peak in the vicinity of the center. A light having such a light dis- 
tnbution characteristic is quite suitable for an application of optical fiber lighting. 
[13] Preferably, m the above-described electric lamp, a second face, facing the first 

curved face, includes a substantially spherical shape and the bulb further comprises a 
circumferential face for interconnecting a circumferential end portion of the first 
curved face and a circumferential end portion of the second face 

^'^^ he.«trT?v ''f"' '"^^ " above-described stnicture, it is advantageous 
because the thickness of the bulb of the electric lamp is substantially fixed in the 
portion of the imier space of the bulb. Equalizing the thickness of the glass is ad- 
vantageous m preventing bursting of the bulb. 

[15] Preferably, in the above-described electric lamp, the second face includes a flat 

portion and preferably, the flat portion has a circular shape, and has at least a size of 
passing almost all of emerged light generated at the coil part at the first focal point and 
reflected on the first curved face. " ^ ««« 
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[16] According to the electric lamp in the above-described structure* it is advantageous 

in that it is possible to easily position the electric lamp and light transmission medium 
by letting the flat portion contact a flat reference surface provided in the light 
transmission medium lighting system. It is also advantageous in that that the emerged 
light that passes through the flat portion refracts only at a small degree at the flat 
portion. It is further advantageous in that it is possible to accurately visually confirm 
the position of the filament through the flat portion. 

[17] Preferably, in the above-described electric lamp, the second face comprises a 

protrusion portion, which protrudes toward the light transmission medium. 

[18] According to the electric lamp in the above-described structure, it is advantageous 

in that the electric lamp and light transmission medium can be positioned extremely 
easily by inserting the protrusion portion in the hole of the reference surface provided 
in the light transmission medium lighting system. 

[19] Preferably, in the above-described electric lamp, the second face has a coating for 

reflecting, transmitting or absorbing a light of a particular wavelength. 

[20] According to the electric lamp in the above-described structure, it is advantageous 

in the aspects of cost and miniaturization of the light transmission medium lighting 
system, because there is no need to separately provide a filter having characteristics 
such as infrared cutting. 

[21] Furthermore, the electric lamp accordmg to the present invention is characterized 

by comprising a bulb comprising a first curved face, the first curved face having a sub- 
stantially ellipsoidal shape in cross section with a first focal point and a second focal 
point, and being convex outwardly, and a second curved face, facing the first curved 
face, the second curved face having a substantially ellipsoidal shape in cross section 
with a first focal point and a second focal point, and being convex outwardly, and a 
filament comprising a coil part formed by winding a wire and generating a light by 
being energized, the filament being so arranged that the coil part is positioned in an 
inner space of the bulb, wherein the respective reflective coatings are formed on the 
first curved face and the second curved face, wherein the reflective coating comprises 
an opening for passing an emerged light generated at the coil part and reflected on the 
first curved face or the second curved face, the first curved face is so adapted that the 
first focal point is positioned at the coil part, and the second focal point is positioned at 
a light transmission medium to which an emerged light generated at the coil part and 
reflected on the first curved face is provided through the opening, and the second 
curved face is so adapted that the first focal point is positioned at the coil part, and the 
second focal point is positioned at a light transmission medium to which an emerged 
light generated at the coil part and reflected on the second curved face is provided 
through the opening. Preferably, the first and second curved faces have the same 
curvature. Furthermore, preferably, at least one of the openings has a circular shape, 
and has at least a size of passing almost all of emerged light generated at the coil part 
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at the first focal point of the first curved face or the second curved face and reflected 
on the first curved face or the second curved face. 

[22] According to the electric lamp in the above-described structure, the first and 

second curved faces having a substantially ellipsoidal shape in cross section are made 
in the bulb itself of the electric lamp and a reflective coating is formed on the first and 
second curved faces, and therefore it is possible to manufacture the electric lamp at a 
low cost and reduce the size of the electric lamp considerably. Furthermore, the light 
transmission medium lighting system using the electric lamp in the above-described 
structure as a light source allows light to enter light transmission media such as two 
optical fibers by this one electric lamp and allows emerged lights fi*om these light 
transmission media to have a light distribution characteristic having a peak in the 
vicinity of the center. Such a light distribution characteristic is quite suitable for ap- 
plications of optical fiber lighting. 

[23] Preferably, in the above-described electric lamp, at least one of the openings 

includes a flat portion. 

[24] According to the electric lamp in the above-described structure, it is advantageous 

in that it is possible to easily position the electric lamp and light transmission medium 

by letting the flat portion contact the flat reference smface provided in the light 

transmission medium lighting system. It is also advantageous that the emerged light 

which passes through the flat portion refi-acts only at a small degree at that flat portion. 

It is further advantageous in that it is possible to visually accurately confirm the 

position of the filament through the flat portion. 
[25] Preferably, in the above-described electric lamp, at least one of the openings 

comprises a protrusion portion, which protrudes toward the light transmission medium. 
[26] According to the electric lamp in the above-described structure, it is advantageous 

in that it is possible to position the electric lamp and light transmission medium 

extremely easily by inserting the protrusion portion in the hole of the reference surface 

provided in the light transmission medium lighting system. 
[27] Preferably, in the above-described electric lamp, an end face of the protrusion 

portion has a lens effect. 
[28] According to the electric lamp in the above-described structure, it is advantageous 

in that it is possible to condense, diffuse or coUimate a light in a desired direction. 
[29] Preferably, in the above-described electric lamp, a reflective coating is formed on a 

side face of the protrusion portion. 
[30] According to the electric lamp in the above-described structure, it is advantageous 

in that the light does not escape fi-om the side face of the protrusion portion. 
[31] Preferably, in the above-described electric lamp, the coil part has a square shape or 

a circular shape as viewed from the light transmission medium side. 
[32] According to the above-described electric lamp in the above-described structure, it 

is advantageous in that it is possible to prevent the light generated at the coil part of the 
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filament and reflected on the first or second curved face from being intercepted by the 
filament. 

[33] Preferably, in the above-described electric lamp, the bulb comprises a circum- 

ferential face for interconnecting a circumferential end portion of the first curved face 
and a circumferential end portion of the second curved face. 

[34] According to the electric lamp in the above-described structure, it is advantageous 

in that the thickness of the bulb of the electric lamp can be substantially fixed in the 
portion of the inner space of the bulb. Equalizing the thickness of the glass is also ad- 
vantageous in preventing bursting of the bulb. 

[35] Preferably, in the above-described electric lamp, the material of the reflective 

coating is Ta^O^/SiO^. Ta^O^/SiO^ is excellent in the aspects of heat resistance and ex- 
foliation resistance. 

[36] Preferably, in the above-described electric lamp, the first curved face and/or the 

second curved face consist of plural portions with different curvatures. 
[37] According to the electric lamp in the above-described structure, it is advantageous 

in that it is possible to condense light on different second focal points on a light 

transmission medium such as an optical fiber. 
[38] Preferably, in the above-described electric lamp, halogen is filled in the inner space 

of the bulb. 

[39] Furthermore, according to the present invention, a light transmission mediimi 

lighting system, or an optical fiber lighting system in particular, is characterized by 
comprising an electric lamp and a light transmission medium, the electric lamp 
comprising a bulb comprising a first curved face, the first curved face having a sub- 
stantially ellipsoidal shape in cross section with a first focal point and a second focal 
point, and bemg convex outwardly, and a second face, facing the first curved face, and 
a filament comprising a coil part formed by winding a wire and generating a light by 
being energized, the filament being so arranged that the coil part is positioned in an 
inner space of the bulb, and the light transmission medium being arranged in the 
vicinity of the second face, to which an emerged light generated at the coil part and 
reflected on the first curved face is provided, wherein a reflective coating is formed on 
the whole of outer surface or the whole of inner surface of the first curved face, and the 
first curved face is so adapted that the first focal point is positioned at the coil part, and 
the second focal point is positioned at the light transmission mediiun. 

[40] Furthermore, according to the present invention, a light transmission medium 

lighting system, or an optical fiber lighting system in particular, is characterized by 
comprising an electric lamp and two light transmission media, the electric lamp 
comprising a bulb comprising a first curved face, the first curved face having a sub- 
stantially ellipsoidal shape in cross section with a first focal point and a second focal 
point, and being convex outwardly, and a second curved face, facing the first curved 
face, the second curved face having a substantially ellipsoidal shape in cross section 
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with a first focal point and a second focal point, and being convex outwardly, and a 
filament comprising a coil part formed by winding a wire and generating a light by 
being energized, the filament being so arranged that the coil part is positioned in an 
inner space of the bulb, and the two light transmission media being arranged in the 
vicinity of the first curved face and the second curved face, respectively, to which an 
emerged light generated at the coil part and reflected on the first curved face or the 
second curved face is provided, wherein the respective reflective coatings are fomied 
on the first curved face and the second curved face, the reflective coating comprises an 
opening for passing an emerged light generated at the coil part and reflected on the 
first curved face or the second curved face, the first curved face is so adapted that the 
first focal point is positioned at the coil part, and the second focal point is positioned at 
one light transmission medium to which an emerged light reflected on the first curved 
face is provided through the opening, and the second curved face is so adapted that the 
first focal point is positioned at the coil part, and the second focal point is positioned at 
the other light transmission medium to which an emerged light reflected on the second 
curved face is provided through the opening. 

Description of Drawings 
[41] Fig, 1 is a schematic view of a first embodiment of an electric lamp according to 

the present invention, of which A shows a front view, B a left side view and C a right 
side view; 

[42] Fig. 2 schematically shows a manufacturing step of the lamp according to the 

present invention as shown in Fig. 1 ; 

[43] Fig. 3 schematically shows an optical fiber lighting system wherein the lamp 

according to the present invention as shown in Fig. 1 is used as a light source, of which 
A shows the spatial relationship between the light source and an optical fiber, and B 
schematically shows a light distribution of an emerged light emerged fh)m the optical 
fiber; 

[44] Fig. 4 is a schematic view of a second embodiment of an electric lamp according to 

the present invention, of which A shows a front view, B a left side view and C a right 
side view; 

[45] Fig. 5 is a schematic view of a third embodiment of an electric lamp according to 

the present invention, of which A shows a firont view, and B a left side view; 

[46] Fig. 6 is a schematic view of a fourth embodiment of an electric lamp according to 

the present invention, of which A shows a front view, and B a left side view; and 

[47] Fig. 7 schematically shows an optical fiber lighting system wherein a conventional 

halogen lamp is used as a light source, of which A shows the spatial relationship 
between the light source and an optical fiber, and B shows a light distribution of an 
emerged light emerged firom the optical fiber. 

Best Mode 

[48] With reference now to the attached drawings, embodiments of the present 
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invention will be explained in detail below. 
[49] Fig. 1 is a schematic view of a first embodiment of an electric lamp according to 

the present invention, of which A shows a front view, B a left side view and C a right 
side view. An electric lamp 1 in this embodiment is a halogen lamp. This halogen lamp 

1 includes a bulb 2 made of, for example, quartz glass. The lower part of this bulb is 
formed with a pinch seal 3, the tip thereof is formed with an evacuation seal 4 and a 
halogen gas is filled in an inner space 5. Furthermore, a filament 6 made of, for 
example, tungsten wire is provided in the inner space 5 of the bulb 3. The filament 6 
comprises a coil part 16 formed by winding a wire and generating a light by being 
energized. In the pinch seal 3, a pair of inner leads (a pair of linear end portions also 
serve as these inner leads in this embodiment) 7a, 7b and a pair of outer leads 8a, 8b 
are implanted and the iimer leads 7a, 7b and outer leads 8a, 8b are electrically 
connected through Mo foils 9a and 9b, respectively. In this embodiment, the coil part 
16 of the filament 6, the inner leads 7a, 7b, the outer leads 8a, 8b and the Mo foils 9a, 
9b (that is, filament structure which will be described later) extend in substantially 
parallel to the axis of the bulb 2 (single-dot dashed line in Fig. 1) which passes through 
the filament 6. In this embodiment, the pinch seal 3 is provided concentrically with the 
axis of the bulb 2. However, this is not an essential structure and as required, it is also 
possible to provide the pinch seal 3 eccentrically with respect to the axis of the bulb 2 
and adapt the filament structure thereto. 

[50] In this embodiment, the bulb 2 has a substantially ellipsoidal shape in cross section 

with a first focal point Fl and a second focal point F2 and has an outwardly convex 
first curved face 10. A reflective coating (diagonally shaded area in Fig. 1) is formed 
on the whole of outer surface of the first curved face 10. In this embodiment, the 
optical axis of the first curved face 10 is substantially orthogonal to the axis of the bulb 

2 and the plane formed at a circumferential end portion of the first curved face is sub- 
stantially parallel to the axis of the bulb 2. The first focal point Fl of the first curved 
face 10 is positioned at the coil part 16 of the filament 6. The second focal point F2 of 
the first curved face 10 is positioned at an optical fiber 20 to which an emerged light 
generated at the coil part 16 of the filament 6 and reflected on the first curved face 10 
is provided (see Fig. 3). 

[51] In this embodiment, the bulb 2 has a substantially spherical second face 1 1 , facing 

the first curved face 10. Furthermore, the bulb 2 comprises a circumferential face 12 
for interconnecting a circumferential end portion of the first curved face 10 and a cir- 
cumferential end portion of the second face 1 1. The circumferential face 12 and seal 3 
are interconnected through a transition portion 13. Providing the spherical second face 
1 1 and circumferential face 12 is advantageous for substantially fixing the thickness of 
the bulb 2 of the electric lamp 1 in the portion of the inner space 5. The reason for this 
will be explained with reference to a manufacturing step of the lamp of this 
embodiment. 
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[52] Manufacturing of the electric lamp of this embodiment is basically the same as that 

of the conventional halogen lamp. Furthermore, the method of molding the bulb is also 
the same as the conventional manufacturing method. The first curved face 10 having a 
substantially ellipsoidal shape in cross section, the substantially spherical second face 
1 1 and the circumferential face 12 of the bulb 2 are molded by heating a predetermined 
portion of a glass tube having a predetermined tube diameter first, then surrounding the 
heated portion with a mold, blowing air into the tube and inflating the heated portion. 
In that case, a similar wind pressure is applied to portions equidistant from the axis of 
the glass tube, and therefore the thickness of glass after molding becomes uniform. In 
this embodiment, in the case of the above-described inflation, the distances from a 
point on the axis of the glass tube to the second face 1 1 and circumferential face 12 
and part of the first curved face 10 are generally equal, and therefore the thickness of 
the glass after molding becomes equal. Equalizing the thickness of the glass is ad- 
vantageous in preventing bursting of the bulb. 

[53] Furthermore, when the above-described bulb 2 is molded, the portion cor- 

responding to the seal 3 and transition portion are also molded. The glass tube thus 
molded is shown in Fig. 2A. 

[54] On the other hand, the filament 6 provided with the coil part 16, inner leads 7a, 7b, 

outer leads 8a, 8b and Mo foils 9a, 9b are electrically welded, whereby a filament 
structure shown in Fig. 2B is formed. This filament structure is inserted into the glass 
tube molded as shown in Fig. 2A from below, and fixed to a predetermined position, 
whereafter the portion corresponding to the seal 3 is heated and pinch-sealed. Then, a 
halogen gas is introduced from the tip of the glass tube. Finally, the tip of the glass 
tube is heated and then sealed (see Fig. 2C). 

[55] Then, a reflective coating is formed on the whole of outer surface of the first 

curved face 10 by means of vapor deposition such as CVD and the electric lamp is 
completed (see Fig. 2D). The reflective coating may also be formed on the whole of 
outer surface of the curved face 10 before the filament structure shown in Fig. 2B is 
inserted into the glass tube molded as shown in Fig. 2A. Furthermore, the reflective 
coating may also be formed on the whole of inner surface of the first curved face 10 
instead of its outer surface. 

[56] Note that it is preferable to narrow the above-described transition portion 1 3 

(especially see Fig. 1 A) as much as possible so as to make the area of reflection of the 
first curved face 10 as large as possible. 

[57] Furthermore, according to the above-described manufacturing method, the first 

curved face 10, second face 1 1 and circumferential face 12, portion corresponding to 
the seal 3 and transition portion are molded from one glass tube, but these components 
may also be molded from different glass tubes and then united. 

[58] In the above-described explanation, the first curved face 10, second face 1 1 and 

circumferential face 12 are treated as difTerent components, but the present invention 
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may also be adapted so that a circumferential face is included in the first and/or second 
curved face and is formed when the first curved face and second face are contacted so 
as to form an inner space. 

[59] In contrast to the conventional halogen lamp, according to the electric lamp of this 

embodiment, the reflective coating is directly formed on the outer surface of the bulb, 
and therefore the material of the reflective coating is required to have heat resistance. 
Furthermore, since it is expected that the electric lamp is firequently touched by human 
hands during the manufacturing work, a high degree of peeling resistance is also 
required. With all these points taken into consideration, in this embodiment, Ta O /SiO 
^ which is excellent in the aspects of heat resistance and strength is used as the material 
for the reflective coating. However, it is also possible to use materials such as 
aluminum, gold, ZnS/MgF^, ZnS/SiO^, TiO^/SiO^ as required. 

[60] In this embodiment, die filament 6 provided with the coil part 1 6 is of a so-called 

transverse CF-6 type, has a square shape as viewed from the optical fiber 20 side and 
is placed in the inner space 5 of the bulb 2 such that the optical axis of the first curved 
face 10 passes through the center of the square shape. Furthermore, the first focal point 
Fl of the first curved face 10 is positioned in the center of the coil part 16 of the 
filament 6. This is advantageous in that the emerged light generated at the coil part 16 
of the filament 6 and reflected on the first curved face 10 is prevented fi^om being in- 
tercepted by the filament 6. However, in this respect, it is preferable for this 
embodiment that the filament 6 is of a CF-6 type, has a circular shape as viewed from 
the optical fiber 20 side and placed in the inner space 5 of the bulb 2 such that the 
optical axis of the first curved face 10 passes through the center of the circular part. 
However, it is also possible to adopt a rectangular shape as viewed from the optical 
fiber 20 side and also use a filament of a C-6 type, CF-8 type, etc., as required. 

[61] Fig. 3 schematically shows an optical fiber lighting system wherein the lamp as 

shown in Fig. 1 is used as a light source, of which A shows the spatial relationship 
between the electric lamp and an optical fiber, and B schematically shows a light dis- 
tribution of an emerged light emerged from the optical fiber. In this optical fiber 
lighting system, the electric lamp 1 and optical fiber 20 are concentrically positioned at 
a predetermined distance Y from each other so that the optical axis of the first curved 
face 10 substantially coincides with the axis of the optical fiber 20 (see single-dot 
dashed line in Fig. 3). Here, the curvature of the fu^ curved face 10 is adapted to the 
numerical aperture NA of the optical fiber 20 and the second focal point F2 of the first 
curved face 10 is positioned at the optical fiber 20. Note that the optical fiber 20 itself 
can be the same as the conventional one and a plurality of optical fibers may be 
bundled. Thus, as shown in Fig. 3, an emerged light generated at the coil part 16 of the 
filament 6 at the first focal point Fl and reflected on the furst curved face 10 is 
condensed on the second focal point F2 positioned at the optical fiber 20. According to 
this embodiment, since the reflective coating is formed on the whole of outer surface 
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of the first curved face 10, there is no dark spot. Furthermore, since no seal 3, etc., 
exists on the optical axis of the first curved face 10, the emerged light is not blocked. 
Furthermore, on the side viewed from the optical fiber 20, a parallel light directly 
enters the optical fiber 20 fi-om the square-shaped coil part 16. This coil part generates 
an extremely large quantity of light. As a result, a light distribution is obtained which 
is not doughnut-shaped but has a peak in the vicinity of the center as shown in Fig. 3B. 
This light distribution is also expressed concentrically with the halogen lamp 1 and 
optical fiber 20. Such a light distribution is quite suitable for the aforementioned ap- 
plication of optical fiber lighting. 

[62] Then, an experiment was conducted in the same optical fiber lighting system to 

compare quantities of light emerged fi-om the optical fiber when a conventional 
halogen lamp provided with a separate reflector and the electric lamp according to the 
present invention are respectively lit at the same voltage (5 V). As a result, it has been 
confirmed that an increase of light quantity of approximately 32% is obtained using 
the electric lamp of the present invention. 

[63] Furthermore, compared to the cost for molding the conventional separate reflector, 

the cost for molding the bulb 2 is extremely cheep. 

[64] Moreover, the electric lamp of the present invention is very small in size because it 

includes no separate reflector. Furthermore, the ellipsoidal shaped portion of the bulb 
of the electric lamp of the present invention is small and can have an extremely short 
focus. Compared to the conventional electric lamp, this allows the electric lamp of the 
present invention to be brought closer to the optical fiber. Therefore, in the con- 
ventional optical fiber lighting system using the conventional electric lamp with a 
separate reflector as a light source, the space required for the conventional electric 
lamp is enough for the electric lamp according to the present invention. Therefore, it is 
possible to adapt the electric lamp according to the present invention to the con- 
ventional optical fiber lighting system by only changing the mountmg structure of the 
electric lamp. On the other hand, when a new optical fiber lighting system is man- 
ufactured, the size of such a system can be made smaller than the conventional optical 
fiber lighting system. 

[65] Among conventional optical fiber lighting systems, one with a separate infi-ared cut 

filter, etc., interposed between the electric lamp and optical fiber is known. It is 
possible to omit such a separate filter by forming a coating having an infi-ared cut filter 
characteristic on the second face 1 1 of the electric lamp in Fig. 1. This is advantageous 
in the aspects of cost and miniaturization of the system. If desired, it is also possible to 
form a coating having other characteristics such as an infrared reflection filter, ul- 
traviolet cut filter, dichroic filter, etc., on the second face 1 1 . 

[66] Fig. 4 is a schematic view of a second embodiment of an electric lamp according to 

the present invention, of which A shows a fi-ont view, B a left side view and C a right 
side view. An electric lamp 40 of this embodiment is different fi^om the electric lamp 1 
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according to the first embodiment in Fig, 1 in that a bulb 41 has a substantially 
truncated cone shaped second face 42 provided with a flat portion 43 instead of the 
substantially spherical second face 11. The flat portion 43 has a circular shape, and has 
a size of passing almost all of emerged light generated at the coil part 16 of the 
filament 6 at the first focal point Fl and reflected on the first curved face 10. The 
electric lamp 40 according to this embodiment is advantageous in that it is possible to 
easily position the electric lamp and optical fiber by letting the flat portion 43 contact a 
flat reference surface provided in the optical fiber lighting system. Furthermore, it is 
also advantageous in that the emerged light passing through the flat portion 43 is 
refracted only at a small degree in the flat portion 43. It is further advantageous in that 
the position of the filament 6 can be visually accurately confirmed through the flat 
portion 43. 

[67] Fig. 5 is a schematic view of a third embodiment of the present invention, of which 

A shows a front view, and B a left side view. The right side view of the electric lamp 
in Fig. 5 is the same as said left side view. The electric lamp 50 of this embodiment is 
greatly different from the electric lamp of the first embodiment in Fig. 1 in that light is 
provided in two directions. A bulb 51 of the electric lamp 50 comprises a first curved 
face 52, having a substantially ellipsoidal shape in cross section with a first focal point 
Fl and a second focal point (not shown) and being convex outwardly. A reflective 
coating (diagonally shaded area in Fig. 5) is formed on the outer surface of the first 
curved face 52. The first focal point Fl of the first curved face 52 is positioned in the 
center of the coil part 16 of the filament 6. The second focal point of the first curved 
face 52 is positioned at an optical fiber (not shown) to which an emerged light 
generated at the coil part 16 of the filament 6 and reflected on the first curved face 52 
is provided. Also, the bulb 51 comprises a second curved face 53, having a sub- 
stantially ellipsoidal shape in cross section with the first focal point Fl and second 
focal point (not shown) and being convex outwardly. The first curved face 52 and the 
second curved face 53 have the same curvature. A reflective coating (diagonally 
shaded area in Fig. 5) is formed on the outer surface of the second curved face 53. The 
first focal point Fl of the second curved face 53 is also positioned in the center of the 
coil part 16 of the filament 6. The second focal point of the second curved face 53 is 
positioned at another optical fiber (not shown) to which an emerged light generated at 
the coil part 16 of the filament 6 and reflected on the second curved face 53 is 
provided. The material for these reflective coatings is the same as that described in Fig. 
1. 

[68] According to this embodiment, the reflective coating formed on the outer surface 

of the first curved face 52 has a first opening 54. The first opening 54 has a circular 
shape and has a size of passing almost all of emerged light generated at the coil part 16 
of the filament 6 at the first focal point Fl of the second curved face 53 and reflected 
on the second curved face 53. Also, the reflective coating formed on the outer surface 
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of the second curved face 53 has a second opening 55. The second opening 55 also has 
a circular shape and has a size of passing almost all of emerged light generated at the 
coil part 16 of the filament 6 at the first focal point Fl of the first curved face 52 and 
reflected on the first curved face 52. In the area of the first opening 54, the first curved 
face 52 has a first flat portion and in the area of the second opening 55, the second 
curved face 53 has a second flat portion. These flat portions have the same works and 
effects as those described in the embodiment in Fig. 4, 
[69] Furthermore, the bulb 52 comprises a circumferential face 56 for interconnecting a 

circumferential end portion of the first curved face 52 and a circumferential end 
portion of the second curved face 53. As described above, providing the circum- 
ferential face 56 is advantageous for substantially fixing the thickness of the bulb 51 of 
the electric lamp 50 in the area of the inner space 57. Furthermore, providing the cir- 
cumferential face 56 is advantageous in that when designing the bulb 51, by adapting, 
in dependence of the numerical aperture NA of the optical fiber used, not only the 
curvatures of the first curved face 52 and second curved face 53, but also the size in 
the width direction of the circumferential face 56 in association therewith, it is possible 
to make the area of the reflective surface of the bulb 5 1 as large as possible and make 
the first opening 54 and second opening 55 as small as possible. Note that no reflective 
coating is formed on the outer siirface of the circumferential face 56. This is because 
the portion of the coil part 16 surrounded by the circumferential face 56 does not 
produce so a large light quantity. However, if desired, it is also possible to form a 
reflective coating, infirared cut filter or coating of other nature on the circumferential 
face 56. 

[70] In the optical fiber lighting system using the electric lamp 50 in this embodiment as 

a light source, two optical fibers are placed facing each other on both sides of the 
electric lamp 50 and the electric lamp 50 and these optical fibers are positioned as 
described in Fig. 3. In the electric lamp 50 of this embodiment, the reflective coating 
has the openings 54, 55, but a large quantity of parallel light fi-om the square-shaped 
coil part 16 facing these openings directly enters the optical fiber, and therefore the 
light distribution characteristic of light emerged from the optical fiber is not doughnut- 
shaped but has a peak in the vicinity of the center. Therefore, this light distribution is 
also very suitable for the above-described applications of optical fiber lighting. 
Furthermore, compared to the embodiment with one-side coating in Fig. 1 and Fig. 4, 
the light condensing efficiency is increased. The above-described two optical fibers 
may be used for different lightings but may also be bundled into one for the same 
lighting. 

[71] Fig. 6 is a schematic view of a fourth embodiment of the present invention, of 

which A shows a fi-ont view, and B a left side view. In the electric lamp in Fig. 6, the 
right side view is the same as said left side view. The electric lamp 60 of this 
embodiment is different from the electric lamp 50 of the third embodiment in Fig. 5 in 



wo 2005/010923 



PCT/ro2004/051288 



14 

that in the bulb 61, the first opening in the third embodiment in Fig. S has a first 
protrusion 62 and the second opening therein has a second protrusion 63. In this 
embodiment, the end faces of these protrusions are flat. However, if desired, it is also 
possible to provide desired curvatures at the end faces of the protrusions 62, 63 and 
provide them with lens functions. It is also possible to form reflective coatings on the 
sides of the protrusions 62, 63 so as to prevent light from escaping from the sides of 
the protrusions. Note that the electric lamp 60 of this embodiment is advantageous in 
that it is possible to easily position the electric lamp and optical fiber by inserting these 
protrusions 62, 63 in the holes of the reference surfaces provided in the optical fiber 
lighting system. 

[72] In the embodiments explained with reference to Fig. 1 to Fig. 6, the curved face 

having a substantially ellipsoidal shape in cross section is made up of a portion having 
only one curvature. However, it is also possible to construct the curved face with 
portions having a plurality of curvatures and provide different second focal points in 
the optical fiber. 

Industrial Applicability 

[73] The present invention can be used as a light source for an optical fiber lighting 

system used for irradiation of light necessary for lighting to illuminate areas near the 
hands of workers who perform elaborate work, for example, at a factory, decorative il- 
lumination of a show case or show window, and for irradiation necessary for an 
endoscope, scanner, photoenlarger, photopolymerizer, etc. 



